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In the present work we studied the β-decay of various isotopes in the heavy region using the empirical 
formula of Fiset and Nix. It is found from the half-life that as the neutron number increases the 
possibility of β-decay increases. From the dependence of beta decay half-life on neutron number of 
parent and Q- value, we modified empirical formula of Fiset and Nix for beta decay half-life.  We also 
developed an empirical formula for the Z-value of most stable isobar against β-decay. From the study 
of mass parabola for different isobars with mass number ranging from 200-223 it was found that the 
lowest point in the parabola, which is the Z-value of most stable isobar against β-decay, matches well 
with our formula predictions.
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1. Introduction
Many of the nuclei produced in the lab are radioactive. The 
degree of instability grows as the distance of a given nuclide 
increases from the stable nuclide with the same mass number. 
An unstable nuclide attains stability through different decay 
mechanisms such as alpha decay, beta decay, gamma decay, 
cluster radioactivity etc. Alpha decay is a radioactive decay 
process in which heavy nuclei emit alpha particles to reduce 
their mass and move towards stability. For many of the 
unstable nuclei alpha decay cannot be possible and such 
nuclei undergo beta decay in order to become stable. In 
contrast with alpha decay, progress in understanding beta 
decay has been achieved at an extremely slow pace. The 
probability of a nuclide decaying due to beta and other 
forms of decay is determined by its binding energy. The 
binding energies of all existing nuclides form what is called 
the nuclear valley of stability [1]. Often the experimental 
results have created new puzzles that challenged existing 
theories. 
The most basic beta decay process is the conversion of 
a proton to a neutron or a neutron to a proton inside the 
nucleus maintaining a constant mass number. It is a nuclear 
decay process mediated by weak nuclear interaction. Beta 
decay provides a convenient way for an unstable nucleus to 
slide down the mass parabola of constant A and to approach 
the stable isobar. Through the process of beta decay an 
unstable atom obtains a more stable ratio of protons and 
neutrons. The stability of this ratio forms the nuclear valley 
of stability [1].
The three processes grouped under beta decay are 
β--decay, β+-decay and orbital electron capture. Neutron 
rich isotopes usually undergo β- decay in which a neutron 
is converted into a proton with the emission of  an 





eX Y e→ + ++
-
1 ν
The effect of this process is to increase the atomic number 
by one, but leave the mass number unchanged. The emitted 
electron can be observed and its energy is measured. The 
associated antineutrino has very small interaction probability 
and so is expected to escape unobserved. The Q-value of 
the process is given by the mass difference of parent and 
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daughter atoms. Since the reaction will proceed only when 
the Q-value is positive, β−-decay can occur when the mass of 
parent atom is greater than the mass of daughter atom [2].
Isotopes having a surplus of  protons can decay 
through either by β+-decay or orbital electron capture. In 
positive beta decay a proton in the nucleus is converted to 





eX Y e→ + +-
+
1 ν
In electron capture [3-6] the nucleus capture one of the 





eX e Y+ → +
-
-1 ν
These two processes result in the same change to the nucleus, 
the atomic number reduces by one without changing mass 
number. They compete each other to reduce the atomic 
number of proton rich nuclei and which one will dominate 
depends on the Q-value. The reaction will proceed only 
when the Q-value is positive. So β+-decay can occur when 
the mass of parent atom exceeds that of daughter by at least 
twice the mass of the electron. Since the binding energy 
of the electron is much less than the mass of the electron, 
nuclei that can undergo β+-decay can always also undergo 
electron capture, but the reverse is not true [2]. 
In β-decay, the transition starts from ground state 
of  the parent nuclei to different exited states of  daughter 
nuclei according to the selection rule. All these transitions 
are possible within the energy window defined by 
Q-value. Quantum mechanically, the interaction leading 
to beta decay can be considered as a weak perturbation 
and thus Fermi’s Golden Rule can be applied to find an 
expression for the kinetic energy spectrum of  emitted 
beta particles. The maximum kinetic energy corresponds 
to that expected from the exact rest mass energies of  the 
parent and daughter atoms or nuclei.
Many theoretical works related to β-decay are available 
in the literature [7-10]. Ren et al. [11] used shell model 
calculation for their study on β- decays. Sorlin et al. [12] 
have done an experimental study on the β-decay of 
several neutron rich nuclei at GANIL and compared the 
half-lives of certain isotopes with those obtained from 
QRPA calculation. Nishimura et al. [13] measured the 
β-decay half-lives of 38 very neutron rich nuclei at RIKEN.
In our previous works [14] we have developed a semi 
empirical formula for both phase space factor and Nuclear 
Matrix Element for computing the neutrinoless double 
beta decay half-lives. Recently we have also developed an 
empirical formula [15] for phase space factor and nuclear 
matrix element to study two neutrino double beta decay 
half-lives. The present work is an attempt to study the 
possibility of β--decay from various isotopes in the heavy 
region with Z ranging from 80-99 using the empirical 
formula of Fiset and Nix [16]. We have developed a formula 
for finding the most stable isobar for a given mass number 
against beta decay. We also studied the mass parabolas for 
different mass numbers. 
Figure 1: Computed beta decay half life time versus neutron 
number of parent for different isotopes with Z ranging from 80-99.
Figure 2: Plot of comparison of Z value of most stable isobar against 
beta decay obtained from equation 6 and the present formula. 
2. The Empirical Formula for Beta Decay 
The half-life for beta decay depends strongly upon the energy 
released in the process and weakly upon the variations in the 
intrinsic structure of the original and final nuclei involved 
[16]. The beta decay half-lives are obtained from the decay 
energies by means of approximations similar to those used 
by Seeger et al. [17]. These approximations completely 
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neglect variations in the nuclear matrix elements and the 
degree of forbiddenness of transitions. In the present work 




















where me is the rest mass of electron in MeV, ρ  is the density 
of nuclear states and is given by ρ=
-e
A
290 x number of 
states within 1MeV ground state and is obtained from the 
results of Seeger et al. [17]. Wβ is the total maximum energy 
of the emitted beta particle,
i.e, 
 W Q meβ β= +  (2)
The energy released in a beta decay process is its Q-value 
and is given as,
    Q Z N M Z N M Z Nβ ( , ) ( , ) ( , )= - + -1 1   (3)
Here Z and N are the proton and neutron number of the 
parent nucleus respectively. The Q-value must be positive 
for any decay process to occur.
3. Results and Discussion 
In the present work we have computed the β--decay half-
lives from various isotopes in the heavy region with Z 
ranging from 80-99 using the empirical formula of Fiset et 
al. [16]. The Q-values are computed using the experimental 
binding energies of Audi et al. [18].
Figure 1 represents the computed beta decay half-life 
time versus neutron number of parent nuclei in the heavy 
region with Z ranging from 80-99. It is clear from the plot 
that beta decay half-lives decreases with increase in neutron 
number. That is, beta decay occurs in isotopes which are 
neutron rich. When the number of neutrons in the nucleus 
increases, the Coulomb force becomes weak due to the 
hindrance to the repulsive force among the protons. In such 
cases, the width of the two turning points is very large and 
the barrier height is small. Thus, the probability of alpha 
decay in this region is minimum and these types of nuclei 
are stable against alpha or cluster radioactivity.  In such 
isotopes beta emission is the possible decay mode. Atoms 
which undergo beta decay are located below the line of 
stable elements on the chart of the nuclides, and are typically 
produced in nuclear reactors. The Q-value for a reaction is 
the amount of energy released by that reaction. The value 
relates to the enthalpy of a chemical reaction or the energy 
of radioactive decay products. Q-values affect reaction rates. 
It is obvious that neutron number of the parent and the 
decay energy have a good role in the beta decay half-lives. 
Comparative half-life of beta decay is inversely proportional 
to the square of nuclear matrix element. From the available 
values of comparative half-lives we have extracted the 
nuclear matrix element values and studied their dependence 
on (NQ3/2)1/2. It is found that as (NQ3/2)1/2 increases, the 
value of nuclear matrix element decreases. Hence we have 
considered this parameter in the empirical formula of Fiset 


























Figure 3: Mass parabolas for different isobars with mass numbers 
201, 203, 205 and 207.
Figure 4: Mass parabolas for different isobars with mass numbers 
209, 211, 213 and 215.
We have also computed the standard deviation using the 
formula given below
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From experimental beta decay half-life values of 101 nuclei, 
the estimated standard deviation for the present formula 
prediction and the formula predictions of Fiset and Nix 
are 1.991417 and 2.333264 respectively. It is clear that 
the present formula prediction is better than the formula 
prediction of Fiset and Nix. Tables 1-4 represent the 
computed Q-values and β- half-life times for the formula 
predictions of Fiset et al. [16], the modified formula 
prediction and the experimental values  for the different 
isotopes in the heavy region with Z ranging from 80-99. It 
is obvious that the modified formula predictions are in close 
agreement with the experimental [19] values as compared 
with the formula predictions of Fiset and Nix.  
3.1. Stability of Nuclei Against Beta Decay 
One of the main applications of Bethe-Weizsacker semi 
empirical mass formula is the prediction of the most stable 
isobar of a given A against beta decay. The Z-value of such 
isobar is given by minimizing the atomic mass including the 
mass of electron from the semi empirical mass formula. This 
gives 
 Z A
a m m m c
a a AA












Where  aA = 23 MeV and aC = 0.72MeV are the coefficient of asymmetry term and Coulomb term in the semi empirical 
mass formula and mn, mp, me are mass of neutron, proton 
and electron respectively. 
We have computed the ZA value for different isobars in 
the heavy region with mass number varies from 200 to 250. 
From the Bethe-Weizsacker semi empirical mass formula it 
is found that for a particular isobar the binding energy has 
a parabolic dependence with the parameter (A-2Z)2. The 
minimum in the parabola represent the most stable isobar of 
a given A against beta decay. This minimum value increases 
with neutron number for different isobar. Figure 2 represents 
the plot of mass number versus the atomic number of most 
stable isotopes (ZA) against beta decay.  It is obvious from the 
plot that ZA values show a linear relationship with the mass 
number. From the linear dependence of mass number and ZA 
value, we have developed an empirical formula for the most 
stable isobar of a given A against beta decay and is given as,
 Z aA bA = +  (7)
The parameters are a = 0.33796, b =11.97723
We have also compared the present formula predictions 
with those obtained from equation 6 and are shown the 
Figure 2. It is found that our present formula predictions are 
in close agreement with the formula predictions of equation 6. 
We would like to point out that the present formula is much 
simpler as compared to other empirical formulae. Hence the 
present equation is better to identify the stability of the isotopes 
against beta decay in the heavy region.
3.2. Mass Parabola
We have also studied the mass parabolas for different nuclides 
with mass number ranging from 200-223 and are shown in the 
Figures 3 to 8.  Mass parabola is a plot of atomic masses versus 
Z for different nuclei of same mass number. The minimum 
of the parabola gives the Z-value of most stable isobar against 
beta decay. It is found that there is good matching between 
our formula prediction of Z and minimum of mass parabola 
for the considered range of mass numbers.
Figure 5: Mass parabolas or different isobars with mass numbers 
217, 219, 221 and 223.
Figure 6: Mass parabolas for different isobars with mass numbers 
200, 202, 204 and 206.
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The mass parabolas for the different isobars fall in two 
categories according to whether A is odd or even. Figures 
3 to 5 represent the plot for atomic mass versus proton 
number for the different odd A isotopes in the heavy region 
with mass number varies from 200-223. It is obvious from 
the plots that for nuclei with odd A, a single parabola is 
obtained irrespective of whether the nucleus is odd-even or 
even-odd. In this case the pairing term in the binding energy 
does not change from isobar to isobar and the question of 
stability relies on the balance between the symmetry term 
which prefers equal numbers of protons and neutrons and 
the coulomb term which prefers fewer protons. For such 
nuclides there is only one stable isobar with some atomic 
number ZA. The nuclides falling on either side of this isobar 
are all unstable. The isobars on the lower Z side have too 
many neutrons for stability and are β- active and those on 
the higher Z side have too many protons and hence undergo 
β+ decay. 
Figure 7: Mass parabolas for different isobars with mass numbers 208, 210, 212 and 214
Figure 8: Mass parabolas for different isobars with mass numbers 216, 218, 220 and 222.
Figures 6 to 8 represent the plot of atomic mass versus proton 
number for the different even-even and odd-odd isotopes in 
the heavy region with mass number varies from 200-222. 
For nuclei with even A, because of the influence of pairing 
term in the binding energy, there are two mass parabolas 
for the same mass number. The parabola for the odd-odd 
nuclei lies above that of the even-even nuclei. Here all the 
odd-odd nuclides have larger atomic mass than one of the 
adjacent even- even nuclides and the most stable isobar falls 
on the lower parabola. For the nuclide lying at the lowest 
point in odd-odd parabola both electron emission and 
positron emission are energetically possible. Thus in some 
cases there can be two even-even isobars for which Z differs 
by two units. In all these cases the most stable isobar against 
beta decay is obtained as the lowest point in the parabola 
which is in good agreement with our formula predictions. 
The minima in mass parabolas shows stability of the isobar 
against beta decay. Hence we would like to propose that it 
will be a guide to the future experiments in beta decay in the 
heavy region.
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Fiset et al. [16] Present Expt.[19]
203Hg 203Tl 0.492 5.879 4.925 6.605
205Hg 205Tl 1.534 4.019 3.420 2.489
206Hg 206Tl 1.307 5.039 4.373 2.698
207Hg 207Tl 4.814 1.528 1.776 2.241
208Hg 208Tl 3.650 2.738 2.717 3.391
209Hg 209Tl 5.288 1.308 1.675 1.544
210Hg 210Tl 4.136 2.452 2.558
204Tl 204Pb 0.764 4.773 3.921 8.077
206Tl 206Pb 1.532 3.545 2.946 2.402
207Tl 207Pb 1.418 4.650 4.018 2.457
208Tl 208Pb 4.999 0.963 1.253 2.263
209Tl 209Pb 3.976 1.977 2.035 2.113
210Tl 210Pb 5.482 0.747 1.157 1.892
211Tl 211Pb 4.411 1.738 1.909
212Tl 212Pb 5.897 0.575 1.090
209Pb 209Bi 0.644 5.516 4.625 4.069
210Pb 210Bi 0.064 8.197 7.040
211Pb 211Bi 1.367 4.250 3.609 3.336
212Pb 212Bi 0.570 6.261 5.346 4.583
213Pb 213Bi 2.047 3.447 3.015 2.787
211Pb 214Bi 1.019 5.354 4.605 3.206
215Pb 215Bi 2.831 2.753 2.544 2.167
210Bi 210Po 1.161 4.073 3.362 5.637
211Bi 211Po 0.575 5.682 4.766
212Bi 212Po 2.252 2.767 2.386
213Bi 213Po 1.422 4.177 3.556
214Bi 214Po 3.269 1.954 1.851
215Bi 215Po 7.052 0.625 1.396 2.659
216Bi 216Po 4.090 1.445 1.555 2.130
217Bi 217Po 2.919 2.689 2.507 1.993
218Bi 218Po 4.982 0.986 1.319 1.519
215Po 215At 0.715 5.369 4.510 2.140
217Po 217At 1.505 4.074 3.486 1.732
218Po 218At 0.259 7.186 6.140
219Po 219At 2.403 3.117 2.798
220Po 220At 1.120 5.196 4.489
212At 212Rn 0.039 7.421 6.246 3.164
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Fiset et al. [16] Present Expt. [19]
214At 214Rn 0.940 4.450 3.669 3.808
216At 216Rn 2.001 3.022 2.577 2.447
217At 217Rn 0.737 5.325 4.476 2.647
218At 218Rn 2.882 2.242 2.046 1.318
219At 219Rn 1.566 3.999 3.432 1.813
220At 220Rn 3.737 1.659 1.692
221At 221Rn 2.338 3.178 2.844
222At 222Rn 4.426 1.270 1.482
219Rn 219Fr 0.213 6.803 5.734 2.930
221Rn 221Fr 1.194 4.516 3.834 3.121
222Rn 222Fr 0.025 8.710 7.525 2.301
223Rn 223Fr 1.916 3.599 3.146 2.375
224Rn 224Fr 0.780 5.813 4.988 1.690
225Rn 225Fr 2.680 2.889 2.661 2.171
226Rn 226Fr 1.400 4.792 4.186 1.580
227Rn 227Fr 3.330 2.409 2.363 1.701
228Rn 228Fr 2.100 3.982 3.598 1.281
218Fr 228Ra 0.408 5.658 4.745 1.246
220Fr 220Ra 1.210 4.013 3.482 0.740
221Fr 221Ra 0.314 6.433 5.468 6.110
222Fr 222Ra 2.028 3.003 2.577 3.403
223Fr 223Ra 1.149 4.589 3.892 8.258
224Fr 224Ra 2.833 2.288 2.094 2.380
225Fr 225Ra 1.816 3.712 3.232 3.747
226Fr 226Ra 3.701 1.690 1.732 2.017
227Fr 227Ra 2.471 3.068 2.785 2.401
228Fr 228Ra 4.338 1.326 1.537 1.477
229Fr 229Ra 3.257 2.462 2.401
230Fr 230Ra 5.082 0.957 1.359
231Fr 231Ra 3.930 2.037 2.160
232Fr 232Ra 5.710 0.683 1.245 4.345
225Ra 225Ac 0.356 6.303 5.304 3.575
227Ra 227Ac 1.329 4.327 3.696 2.086
228Ra 228Ac 0.046 8.403 7.236 2.653
229Ra 229Ac 1.813 3.721 3.248 2.076
230Ra 230Ac 0.708 5.972 5.125 2.161
231Ra 231Ac 2.480 3.067 2.796 1.643
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Fiset et al. [16] Present Expt. [19]
232Ra 232Ac 1.500 4.668 4.103 1.778
233Ra 233Ac 3.270 2.459 2.414
224Ac 224Th 0.239 6.229 5.174 4.963
226Ac 226Th 1.113 4.174 3.466 3.117
227Ac 227Th 0.045 7.849 6.681 6.319
228Ac 228Th 2.124 2.915 2.529 2.635
229Ac 229Th 1.164 4.576 3.891 3.350
230Ac 230Th 2.946 2.211 2.063 2.450
231Ac 231Th 2.103 3.418 3.035 2.751
232Ac 232Th 3.702 1.698 1.758
233Ac 233Th 2.767 2.831 2.645 5.057
234Ac 234Th 4.486 1.257 1.525 6.367
235Ac 235Th 3.460 2.334 2.344 4.382
236Ac 236Th 5.060 0.976 1.395 3.166
231Th 231Pa 0.392 6.203 5.224 2.737
233Th 233Pa 1.243 4.461 3.809 2.718
234Th 234Pa 0.273 7.160 6.127 2.134
235Th 235Pa 1.930 3.602 3.175 3.812
236Th 236Pa 1.100 5.252 4.556
237Th 237Pa 2.560 3.007 2.773 5.766
238Th 238Pa 1.860 4.248 3.807 3.148
230Pa 230U 0.560 5.269 4.360 4.706
232Pa 232U 1.337 3.845 3.220
233Pa 233U 0.570 5.726 4.824 3.003
234Pa 234U 2.194 2.855 2.502
235Pa 235U 1.410 4.227 3.633 5.262
236Pa 236U 3.084 2.118 2.023 5.309
237Pa 237U 2.248 3.286 2.958 3.570
238Pa 238U 3.461 1.861 1.875 2.921
239Pa 239U 2.766 2.841 2.669 2.121
240Pa 240U 4.085 1.484 1.670 2.045
237U 237Np 0.519 5.861 4.941 2.138
239U 239Np 1.262 4.442 3.804 8.655
240U 240Np 0.400 6.757 5.787 4.251
241U 241Np 1.940 3.600 3.187 4.577
242U 242Np 1.200 5.104 4.451 5.972
236Np 236Pu 0.477 5.491 4.552 5.293
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Fiset et al. [16] Present Expt. [19]
238Np 238Pu 1.292 3.920 3.288
239Np 239Pu 0.723 5.389 4.553 4.561
240Np 240Pu 2.188 2.871 2.528 3.868
241Np 241Pu 1.303 4.385 3.763 3.369
242Np 242Pu 2.702 2.420 2.233 3.140
243Np 243Pu 2.124 3.415 3.061 2.778
244Np 244Pu 3.394 1.914 1.927
241Pu 241Am 0.021 8.254 7.067
243Pu 243Am 0.580 5.717 4.827 3.585
245Pu 245Am 1.206 4.534 3.884
246Pu 246Am 0.400 6.766 5.800 3.003
247Pu 247Am 1.850 3.707 3.276
242Am 242Cm 0.665 5.042 4.184
244Am 244Cm 1.427 3.739 3.161 7.455
245Am 245Cm 0.895 5.055 4.291 4.063
246Am 246Cm 2.377 2.704 2.429 3.523
247Am 247Cm 1.616 3.979 3.470
248Am 248Cm 3.168 2.075 2.033
249Am 249Cm 2.350 3.209 2.935
247Cm 247Bk 0.043 7.900 6.732
249Cm 249Bk 0.900 5.052 4.294
250Cm 250Bk 0.038 8.534 7.363
251Cm 251Bk 1.420 4.237 3.669
252Cm 252Bk 0.530 6.420 5.516
248Bk 248Cf 0.840 4.687 3.903
249Bk 249Cf 0.124 7.269 6.158
250Bk 250Cf 1.779 3.314 2.861
251Bk 251Cf 1.093 4.721 4.037
252Bk 252Cf 2.496 2.607 2.380
253Bk 253Cf 1.629 3.972 3.477
254Bk 254Cf 3.049 2.170 2.110
253Cf 253Es 0.287 6.572 5.553
254Cf 254Es 0.721 5.416 4.592
252Es 252Fm 1.103 4.229 3.546
254Es 254 Fm 1.088 4.256 3.571
255Es 255 Fm 0.290 6.566 5.549
256Es 256 Fm 1.704 3.410 2.942 3.183
257Es 257 Fm 0.811 5.234 4.449
258Es 258 Fm 2.270 2.820 2.537
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Summary and Conclusion    
We summarize the main conclusions of the present study 
as below
(i) In the present work we have computed the β- decay 
half lives of various isotopes in the heavy region with 
Z ranging from 80-99 using the empirical formula of 
Fiset et al. [16] and is found that as the neutron number 
increases the possibility of β-decay increases.
(ii) We modified empirical formula of Fiset and Nix for 
beta decay half life. We have also computed the standard 
deviation using the experimental beta decay half-life 
values of 101 nuclei. The estimated standard deviation 
for the present formula prediction and the formula 
predictions of Fiset and Nix are 1.991417 and 2.333264 
respectively. That is the present formula prediction is 
better than the formula prediction of Fiset and Nix.  
(iii) We have computed the Z value of most stable isobar 
(ZA) in the heavy region with mass number varies from 
200 to 250. It is obvious that ZA values show a linear 
relationship with the mass number. From the linear 
dependence of mass number and ZA value, we have 
developed an empirical formula for the most stable 
isobar of a given A against beta decay. We would like 
to point out that the present formula is much simpler 
as compared to other empirical formulae. Hence the 
present equation is better to identify the stability of the 
isotopes against beta decay in the heavy region.
(iv) From the study of mass parabola for different isobars 
with mass number ranging from 200-223 it was found 
that the lowest point in the parabola, which is the Z 
value of most stable isobar against β-decay, matches well 
with our formula predictions. Hence we would like to 
propose that it will be a guide to the future experiments 
in beta decay in the heavy region.
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